Abstrak
The prevalence of childhood obesity has been increasing worldwide, 2.3-3.3 fold in the United States and 2-2.8 fold in the United Kingdom during the past ten years. 1, 2 Meanwhile, the prevalence of childhood obesity in Jakarta in 1998 and 2007 were 9.6% and 15.3%, respectively. 3, 4 Obesity may lead to various complications, including pulmonary function abnormalities and obstructive sleep apnea syndrome (OSAS). 5, 6 The effects of obesity on pulmonary function in adults has been well-documented. The most common abnormalities in obese adults are decreased expiratory flow rates and lung volumes. [7] [8] [9] Pulmonary function test (PFT) studies in obese children and adolescents are limited and the results are inconsistent. 6 Various studies reported different findings in PFT in obese children. Some reported normal while other study showed low basal PFT parameters in obese children. [10] [11] [12] Li AM et al 6 reported that reduction of functional residual capacity and diffusion impairment as the most common abnormalities. Ulger et al 13 stated that a strong negative correlation between anthropometric measurements and PFT parameters were found. Body mass index (BMI) is an important determinant of reduced spirometric parameters. 1 The aims of this study were to determine the prevalence of pulmonary function abnormalities in Indonesian obese early adolescents and to evaluate the relationship between degree of obesity and the severity of pulmonary function abnormality.
METHODS
Cross sectional study was conducted at the Department of Child Health, Medical School, University of Indonesia, during November 2007 to December 2008. Children aged 10-12 years with obesity (BMI for age and sex > P 95 according to CDC-NCHS 2000 growth chart) were enrolled consecutively from 10 elementary schools in Jakarta. Subjects with craniofacial disproportion and exacerbation of asthma were excluded. This study was a part of the larger study entitled "Obstructive Sleep Apnea Syndrome Risk Factors in Early Adolescents with Obesity: Scoring System for Diagnostic Prediction". 15 Ethical clearance was approved by the Ethics Committee, Medical School, University of Indonesia. Informed consent from the parents of all subjects were obtained at the time of enrollment.
Sample size was calculated based on the formula for proportion estimation for single sample. The minimum sample size required was 96 subjects, using 10% absolute precision, 5% level of significance, and 46% as proportion of PFT abnormality in previous study. 6 One hundred and ten subjects had fulfilled the inclusion criteria.
Subjects were recruited from 10 elementary schools. Information regarding obesity and its effects on pulmonary function had been given to the parents. Weight (kilograms) and standing height (centimeter) were measured by a calibrated weighing scale and stadiometer, using standard anthropometric techniques. Body mass index was calculated as weight (kg)/height squared (m 2 ). Children who have BMI > P95 CDC-NCHS 2000 growth chart were defined as obese, while those with BMI > P97 were superobese. All subjects underwent PFT and questionnaire about demographic data, history of asthma and, allergic rhinitis taken from the parents. 
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Statistical analysis
Statistical analysis wes performed using the Statistical Package for the Social Sciences (SPSS) version 17.0 software. Normality of data was tested by KolmogorovSmirnov test. Student's t-test was used to compare means of normally distributed pulmonary function test variables and Mann-Whitney test if the distribution of variables were abnormal. Spearman's rank correlation coefficient was used to assess correlation between body mass index and pulmonary function test variables (FEV 1 , FVC, FEV 1 /FVC, V 50 , V 25 ). The association between degree of obesity and the severity of pulmonary function abnormalities was analyzed by non-parametric test (Kolmogorov-Smirnov test). For all analyses, p values of <0.05 regarded as statistically significant.
RESULTS
There were 110 obese adolescents enrolled in this study with male predominance. Characteristics of study subjects are presented on Table 2 compares PFT parameters in obese and superobese groups. Mean FEV 1 and FVC in the superobese group was lower than in the obese group, but the difference was statistically insignificant. The types of pulmonary function abnormalities were similar in both groups (Table 3) . Combined type was the most common abnormality.
The relationship between degree of obesity and the severity of pulmonary function abnormalities were evaluated by determining the correlation between BMI and PFT parameters (Table 4 ) and the association between degree of obesity and the degree of pulmonary function abnormalities (Table 5) . We did not find any correlation between BMI and PFT variables. There was no association between degree of obesity and degree of pulmonary function abnormalities (p=1.000). 
DISCUSSION
Our study found that the proportion of pulmonary function abnormalities in obese early adolescents was 58.2%. Similarly, Li et al 6 reported that the most common abnormalities found were reduction of functional residual capacity (46%) and impairment of diffusion capacity (33%). Ulger et al 13 compared basal PFT parameters of 38 obese children, aged 9 to 15 years, with that of 30 healthy children, and found that basal PFT parameters (FVC, FEV1, PEF, FEF25-75) in healthy children were normal (above 100% of predicted value). Interestingly, we found that the most common disorder was combined obstructive and restrictive type (30%). Obesity may lead to restrictive disorder through mechanical effects. Excess body fat distribution within the abdominal cavity and chest wall directly compresses the thoracic cage, diaphragm, and lung resulting in decreased lung and chest wall compliance and elastic recoil. 9, 16 There are two possibilities explaining combined disorder as the most frequent abnormality. First, most subjects (83%) are superobese (BMI > P97) whose obstructive disorders are likely attributed to fat infiltration in the upper airway soft tissues. Second, a positive history of atopy in 30-40% subjects may contribute to obstructive components of combined disorders. We excluded subjects with history of asthma in subgroup analysis and found that proportion of lung function abnormality was 53.9%.
Some previous studies have reported the association between atopy and obesity.
14,17-21 Increased BMI related to increased airway resistance was a strong independent risk factor for asthma (OR 2.17, 95%CI 1.22-3.87, p=0.009) and atopy (OR 2.06, 95%CI 1.32-3.22, p=0.002).
14, 17 Chow et al 18 reported that childhood obesity is associated with increased airway inflammation. There are some evidences that obesity is a proinflammatory state, with increased leptin and proinflammatory cytokines such as interleukin-6, interleukin-1, and tumor necrosis factor-α (TNF-α), which upregulate airway inflammation. 22 It seems that there is co-expression of the genes for asthma and obesity. Genes which may have a role in controlling both conditions include those encoding β2 adrenergic receptors, TNF-α, and insulin growth factor 1 (IGF-1). 23, 24 In this study, we found that PFT parameters in subjects with history of asthma were lower than those without. This finding may support the association between obesity and asthma, but further studies are needed to confirm this hypothesis.
The effect of obesity on pulmonary function has been well-studied in adults, but studies in children have been limited and have inconsistent results. In this study, mean FEV 1 , FVC, V 50 , and V 25 were decreased, while mean FEV1/FVC ratio was normal. Consistent with our study, Ulger et al 13 reported that basal respiratory function test parameters (FEV 1 , FVC, PEF, FEF ) were lower in obese children compared to those of a control group, but the FEV 1 /FVC ratio was similar. Li AM et al 6 found that the most common abnormalities were reduction of functional residual capacity and impairment of diffusion capacity. Diffusion impairment may reflect intrinsic changes in the lungs including lipid deposition, cell hyperplasia, alveolar enlargement, and decreased of alveolar surface area. The median values of FEV1 and FVC were normal, while median FEV1/FVC ratio below the normal limit 83% (IQR 78-87%). 6 Spathopoulos et al 14 reported that PFT parameters (FEV1, FVC, FEF and FEV1/FVC) were decreased in overweight and obese children. Airway narrowing characterized by reduction of FEF 25-75 (7.5%) and FEV1 (5%) was more marked compared to FVC reduction (2.5%). This may be explained by extrinsic mechanical compression due to fat accumulation which causes decreased chest wall recoil and compliance, resulting in expiratory volume reduction. Nevertheless, a mechanical effect was not the only factor, since pulmonary function parameters were not different between overweight and obese children. 14 Boran et al 10 found that PFT parameters of mildly obese children were similar to those of the normal weight children. Only three out of 80 children had obstructive abnormalities on their pulmonary function tests. We suggested that these different findings were due to different degree of obesity between Boran's subjects and ours. The majority of our subjects were superobese, in whom pulmonary function abnormalities could be clearly seen.
The mean FEV 1 and FVC values were lower in superobese compared to those of obese group in this study, although the difference was not statistically significant. These results might be explained by the fact that we did not compare obese adolescents to a control group and because the proportion of superobese subjects was larger than that of obese subjects making it difficult to find a difference.
This study failed to find any correlation between BMI and PFT parameters. The result was consistent when subjects with history of asthma were excluded in subgroup analysis. Tantisira et alBMI was associated with decrement in the FEV 1 /FVC ratio, and an increase of 5 units BMI was associated with a decrease in FEV 1 /FVC of over 1%. Tantisira included mostly well-nourished children in the study (70.8%), the remainder being overweight and obese children. Ulger et al 13 reported a strong negative correlations between BMI, relative weight, skinfold thickness, waist-to-hip circumference ratio and basal FVC, FEV 1 , and PEF values.
Li AM et al 6 found a significant negative correlation between degree of functional residual capacity (FRC) with degree of obesity assessed by dual energy x-ray absorptiometry (DEXA) scan, but the correlation was not found when using BMI as the indicator of obesity. DEXA scan is more accurate and objective to assess total body fat than BMI or other antropometric measurements. 26 Boran et al 10 reported similar results to our study that there was no correlation between pulmonary function parameters and anthropometric measurements. This strengthens the possibility that anthropometric parameters including BMI cannot reflect body fat distribution accurately. Eventhough DEXA remains a more valid indicator of obesity, it still has some limitations, such as high cost, impracticality, and risk of radiation exposure. Conflicting results in previous studies may be caused by the use of different indicators of obesity (BMI, relative weight, skinfold thickness, waist-to-hip circumference ratio, DEXA scan), varying sample sizes, and presence or absence of a control group.
To present the association between degree of obesity with the severity of pulmonary dysfunction, subjects classified as having mild, moderate, or severe pulmonary function abnormalities. In superobese and obese groups, mild and moderate pulmonary dysfunction were most common. We did not find any correlation between degree of obesity and pulmonary dysfunction severity. This finding may be explained by the great disproportion between superobese and obese group (1:5) in our study.
This study has some limitations. First, it was a cross sectional study with only a single PFT measurement. A longitudinal study is needed to evaluate the effects of BMI changes on pulmonary function over time. Second, we did not recruit adolescents with normal BMI as a control group. A comparison between obese and control group will be better in detecting correlation between BMI and PFT parameters. Third, history of asthma and allergic rhinitis was based on a short questionnaire and not confirmed by objective measurements such as response to bronchodilators, total IgE levels, and skin prick test.
From the above study, it can be concluded that pulmonary function abnormalities are present in early adolescents with obesity. The most common abnormality found is combined restrictive and obstructive type. There is no correlation between BMI and PFT parameters. Further studies are needed to evaluate association between degree of obesity and pulmonary fuction abnormalities using more valid measurements of body fat distribution and including normal subjects as control group.
